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REACTOR, CONVERTER, AND POWER
CONVERTER APPARATUS

TECHNICAL FIELD

The present invention relates to a reactor used as a con-
stituent component of a power converter apparatus, such as an
in-vehicle DC-DC converter mounted on a vehicle such as a
hybrid vehicle, a converter including the reactor, and a power
converter apparatus including the converter. In particular, the
present invention relates to a reactor with which a sensor for
measuring the physical quantity (temperatures, current values
and the like) of the reactor can be maintained at a proper
position.

BACKGROUND ART

A reactor is one of the components of a circuit that per-
forms a voltage step-up or step-down operation. Patent Lit-
eratures 1 and 2 disclose a reactor used for a converter
mounted on a vehicle such as a hybrid vehicle. The reactor
includes, for example: a coil having a pair of coil elements; an
annular magnetic core at which the coil is disposed and which
forms a closed magnetic path; a case storing a combined
product made up of the coil and the magnetic core; and a
sealing resin (secondary resin portion, potting resin) packed
in the case.

When the coil generates heat upon energization, the loss of
the reactor becomes great because of the heat. Accordingly, in
general, the reactor is used as being fixed to an installation
target such as a cooling base such that the coil can be cooled.
Further, it is discussed to dispose a sensor for measuring the
physical quantity such as temperatures or current at the place
near the reactor when the reactor is used, to control current or
the like supplied to the coil in accordance with the measured
temperature or current, for example. Patent Literature 1 dis-
closes disposition of a current sensor at the magnetic core.
Patent Literature 2 discloses disposition of a temperature
sensor between the coil elements.

CITATION LIST
Patent Literatures

Patent Literature 1: Japanese Unexamined Patent Publication
No. 2009-267360

Patent Literature 2: Japanese Unexamined Patent Publication
No. 2010-245458

SUMMARY OF INVENTION
Technical Problem

In order to properly measure the physical quantity, it is
desired that the disposition position of the sensor is main-
tained after the sensor is disposed at any prescribed position.
However, conventionally, the structure for maintaining the
position of the sensor is not fully discussed.

To the sensor, a line (see Patent Literature 1) for transmit-
ting measured information to an external apparatus, such as a
control apparatus, is attached. In the mode where a sealing
resin is included, the position of the sensor and the line
located near the sensor can be fixed by the sealing resin.
However, the sensor can be damaged by receiving an exces-
sive force, for example when the line is excessively pulled
during installation of the reactor. If the sensor is damaged, the
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physical quantity cannot be properly measured. In particular,
when the line has a redundant length, it is highly possible that
the line is pulled.

Further, even in the mode where the sealing resin is
included, by the line being pulled before the sealing resin is
packed, the position of the sensor may be displaced. In the
worst case, the sensor may come off. Hence, the sensor may
be fixed in the state where it is disposed at an improper
position.

On the other hand, with a reactor having no sealing resin,
the sensor and the line cannot be fixed. Therefore, in manu-
facturing or installing the reactor, the sensor tends to be
displaced or come off because of the routing of the line, as
described above. For example, the line may be fixed to the
case by an adhesion tape or any appropriate jig. However, in
this case, an increase in the number of components is invited.

Under the circumstances described above, irrespective of
presence of the sealing resin, it is desired to develop a struc-
ture that can restrict the line from shifting, in order to prevent
the sensor from being displaced or coming off because of
routing of the line so as to maintain the state where the sensor
is disposed at a proper position.

Accordingly, an object of the present invention is to pro-
vide a reactor with which a sensor for measuring the physical
quantity of the reactor can be maintained at a proper position.

Solution to Problem

The present invention achieves the object stated above by
employing a particular material for part of the case, and
employing the structure in which a hook portion on which the
line of'the sensor is hooked is integrally molded with the case
by this particular material. Note that, in the present specifi-
cation, “to integrally mold” means to mold one member
together with other member. On the other hand, “to integrate”
means to couple one member and other separate member to
each other.

A reactor of the present invention includes: a coil; a mag-
netic core at which the coil is disposed; and a case that stores
a combined product made up of the coil and the magnetic
core. The case includes a bottom plate portion on which the
combined product is placed and a side wall portion that sur-
rounds the combined product. At least part of the side wall
portion on an opening side is made of resin. Then, a hook
portion on which a line coupled to a sensor for measuring the
physical quantity of the reactor is hooked is integrally molded
with the side wall portion by the resin structuring the side wall
portion.

With the reactor of the present invention, allowing the line
of'the sensor to be hooked on the hook portion provided at the
side wall portion, the line can be fixed to the case, and the line
can be restricted from shifting. Accordingly, with the reactor
of the present invention, the possibility of occurrence of dis-
placement, coming off, or damage of the sensor due to an
excessive routing of the line during manufacture or installa-
tion of the reactor can be reduced or eliminated. Accordingly,
the reactor of the present invention can maintain the state
where the sensor is disposed at a prescribed position for a long
period. Thus, a desired physical quantity can be properly
measured by the sensor disposed at such a prescribed posi-
tion.

Further, since the hook portion is integrally molded with
the side wall portion, an increase in the number of compo-
nents will not be invited. Further, since the hook portion is
made of resin, even when it is in a complicated shape, it can
be integrally molded with ease when at least part of the side
wall portion is formed through injection molding or the like,
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and it can be formed with ease as compared to the case where
the hook portion is made of a metal material. Furthermore,
since the hook portion is provided on the opening side of the
side wall portion, one end of the line can be drawn outside of
the case with ease. Accordingly, the line can be connected to
an external apparatus such as a control apparatus or the like
with ease. Still further, when the reactor of the present inven-
tionincludes a sealing resin, allowing the line to be hooked on
the hook portion in advance, the line becomes less likely to
become an obstacle when the sealing resin is packed. Thus,
the packing work is facilitated. Thanks to the features noted
above, the reactor of the present invention also exhibits excel-
lent productivity.

Moreover, since the reactor of the present invention
includes the case, the combined product can be protected
from the external environment and can be mechanically pro-
tected.

In particular, in the mode where the reactor of the present
invention includes a sealing resin, allowing the sensor to be
disposed at a prescribed position and the line to be hooked on
the hook portion before sealing is performed, the sensor can
be maintained at a prescribed position and this state can be
fixed by the sealing resin. Accordingly, in this mode, the
disposition position of the sensor can be more surely main-
tained.

The sensor may be, for example, a temperature sensor for
measuring the temperature of the coil, or a current sensor for
measuring the current that flows through the coil. The tem-
perature sensor may include those having a heat sensitive
element, such as thermistor, thermocouple, pyroelectric ele-
ment and the like. The current sensor may include those
having an element that can measure current by the physical
quantity based on the magnetic field, such as a Hall element,
a magnetoresistance element (an MR element), a magneto-
impedance element (an MI element), a search coil and the
like.

In one mode of the present invention, the side wall portion
is entirely made of an insulating resin. The side wall portion
is a member independent of the bottom plate portion. The side
wall portion is integrated with the bottom plate portion
through a fixation member. Further, in one mode of the
present invention, the bottom plate portion is made of a metal
material.

In this mode, since the side wall portion is entirely made of
an insulating resin, the coil and the side wall portion can be
insulated from each other. Accordingly, by disposing the coil
and the side wall portion in close proximity to each other, a
reactor being small in size can be obtained. Further, since the
bottom plate portion and the side wall portion are separate
members, they can be manufactured separately. Thus, in this
mode, the manufacture manner is greatly flexible and the
constituent materials can be selected from a wider range.
Representatively, the bottom plate portion and the side wall
portion can be made of different materials. In particular, when
the bottom plate portion to which the combined product is
brought into contact or arranged closely in the case is made of
a metal material such as aluminum, the bottom plate portion
can be used as a heat dissipation path. Thus, a reactor pos-
sessing an excellent heat dissipating characteristic can be
obtained. Further, in this case, since the side wall portion is
made of resin which is generally lighter than a metal material,
a case being lighter than a conventional aluminum case can be
obtained. Hence, a lightweight reactor can be obtained. Fur-
ther, in this mode, since the side wall portion and the bottom
plate portion can be integrated with each other after the com-
bined product is disposed at the bottom plate portion, excel-
lent assemblability is also exhibited with the reactor.
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Inone mode of the present invention, the combined product
may include an insulator interposed between the coil and the
magnetic core. The insulator may be integrally structured by
apair of divided pieces being combined. A space formed as a
result of the divided pieces being combined may be included
as a storage portion for the sensor.

Thanks to provision of the insulator, in this mode, insula-
tion between the coil and the magnetic core can be enhanced.
Further, since the insulator is structured by the divided pieces,
in particular by the divided pieces that can be divided in the
axial direction of the coil, the insulator can be disposed at the
magnetic core or the like with ease. Hence, this mode also
provides excellent assemblability of the reactor. Further, in
this mode, since the insulator includes the storage portion for
the sensor, the sensor can be disposed more surely at a pre-
scribed position, and an increase in the number of compo-
nents because of provision of the storage portion will not be
invited. Further, since the storage portion holds the sensor, in
this mode, it is easier to prevent displacement of the sensor. In
this mode, the divided pieces are structured such that the
in-contact place and the out-of-contact place are formed at the
places where the divided pieces oppose to each other when
the divided pieces are combined. Then, this space formed by
the out-of-contact place should be used as the storage portion.

In the mode where the insulator includes the divided
pieces, the coil may include a pair of coil elements. The coil
elements may be juxtaposed to each other such that the axes
of'the coil elements are in parallel to each other. Here, each of
the divided pieces of the insulator may be integrally molded
with a partition portion disposed between the coil elements.
The storage portion for the sensor may be a space formed by
the partition portions of the divided pieces when the divided
pieces are combined.

In this mode, since the partition portion made of an insu-
lating material (representatively an insulating resin) structur-
ing the insulator is interposed between the coil elements,
isolation between the coil elements can be secured. Further-
more, in this mode, since the partition portion integrally
molded with the insulator structures the storage portion for
the sensor, an increase in the number of components because
of provision of the storage portion will not be invited. Since
the storage portion can hold the sensor, the sensor is easily
prevented from being displaced. Further, since the partition
portion is disposed between the coil elements, the sensor is
disposed between the coil elements likewise. Here, when the
sensor is a temperature sensor, since the sensor can be dis-
posed between the coil elements where the temperature tends
to rise, the temperature of the coil can be measured properly
in this mode.

In the mode in which the insulator includes the divided
pieces, the divided pieces may have engaging portions that
engage with each other.

Inthis mode, the divided piece can be positioned relative to
each other by the engaging portions when the divided pieces
are combined with each other. Hence, excellent assemblabil-
ity of the reactor is achieved. Further, since the divided pieces
are combined relative to each other at the proper position, in
this mode, the storage portion for the sensor can be formed
properly. Allowing the sensor to be disposed at this storage
portion, the sensor can be disposed at a prescribed position.

In one mode of the present invention, the storage portion of
the sensor may be integrally molded with the side wall portion
by the resin forming the side wall portion.

In this mode also, provision of the storage portion facili-
tates the sensor to be held at a prescribed position. In particu-
lar, in this mode, since the storage portion is integrally molded
with the side wall portion, the storage portion can be formed
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atthe same time when the side wall portion is molded through
injection molding or the like. Thus, excellent productivity of
the reactor is exhibited. Further, likewise this mode does not
invite an increase in the number of components because of
provision of the storage portion.

Furthermore, as one mode of the present invention, a join-
ing layer formed at one face of the bottom plate portion may
beincluded. The coil may be fixed to the bottom plate portion.

In this mode, since just the joining layer is interposed
between the coil and the bottom plate portion, the interval
between the bottom face of the case and the coil is small.
Thus, a reactor being small in size can be obtained. Further, in
this mode, since the coil is fixed to the bottom plate portion by
the joining layer, the coil can be fixed to a prescribed position
with reference to the case, irrespective of the presence of the
sealing resin. In particular, in this mode, when the bottom
plate portion and the side wall portion are separate members,
the joining layer can be formed while the side wall portion is
removed. Hence, formation work of the joining layer is facili-
tated, and excellent workability is exhibited.

In the mode including the joining layer, the joining layer
may have a multilayer structure including a heat dissipation
layer and an adhesive layer made of an insulation adhesive
agent. Further, the bottom plate portion may be made of an
electrically conductive material. The adhesive layer is dis-
posed on the side being brought into contact with the coil, and
the heat dissipation layer is disposed on the side being
brought into contact with the bottom plate portion.

In this mode, the bottom plate portion is made of an elec-
trically conductive material (a metal material, which gener-
ally exhibits excellent thermal conductivity, such as alumi-
num). Furthermore, the coil can be fully fixed to the bottom
plate portion by the adhesive layer. In addition, the heat dis-
sipation layer is included. Accordingly, heat from the coil can
be transferred efficiently to an installation target such as a
cooling base via the heat dissipation layer and the bottom
plate portion. Accordingly, this mode provides an excellent
heat dissipating characteristic irrespective of the presence of
the sealing resin or the material of the sealing resin. Further,
since the adhesive layer being brought into contact with the
coil is made of an insulating material, the coil and the bottom
plate portion can be insulated from each other even when the
heat dissipation layer and the bottom plate portion are made
of an electrically conductive material. Accordingly, the join-
ing layer including the heat dissipation layer can be reduced
in thickness. From this feature also, this mode provides an
excellent heat dissipating characteristic and achieves a reduc-
tion in size.

In the mode of the multilayer structure in which the joining
layer includes the adhesive layer and the heat dissipation
layer, at least part of the heat dissipation layer may be made of
amaterial whose thermal conductivity is more than 2 W/m-K.

Since at least part of the heat dissipation layer is made of a
material of such high thermal conductivity, this mode can
provide a reactor possessing an even better heat dissipation
characteristic.

In the mode of the multilayer structure in which the joining
layer includes the adhesive layer and the heat dissipation
layer, the heat dissipation layer may be made of an epoxy base
adhesive agent containing an alumina filler, and the bottom
plate portion may be made of aluminum or aluminum alloy.

Thanks to provision of the heat dissipation path structured
by the heat dissipation layer and the bottom plate portion, this
mode exhibits an excellent heat dissipating characteristic.
Further, this mode also exhibits excellent insulation between
the bottom plate portion and the coil because the heat dissi-
pation layer is made of an insulation adhesive agent. There-
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6

fore, the thickness of the heat dissipation layer can be
reduced. Hence, an improvement in both the heat dissipating
characteristic and the insulation, and a reduction in size can
be achieved.

In the mode where the side wall portion and the bottom
plate portion are independent members, the thermal conduc-
tivity of the bottom plate portion is equal to or higher than the
thermal conductivity of the side wall portion.

Since the bottom plate portion where the coil is disposed
possesses an excellent heat dissipating characteristic, heat of
the coil can be efficiently transferred to the installation target
via the bottom plate portion. Thus, this mode can provide an
excellent heat dissipating characteristic. More specifically,
the bottom plate portion may be made of a metal material, and
the side wall portion may be made of resin such as an insu-
lating resin.

The reactor of the present invention can be suitably used as
a constituent component of a converter. The converter of the
present invention may include a switching element, a driver
circuit controlling an operation of the switching element, and
a reactor smoothing a switching operation. By the operation
of'the switching element, an input voltage may be converted.
The reactor may be the reactor of the present invention. The
converter of the present invention can be suitably used as a
constituent component of a power converter apparatus. The
power converter apparatus of the present invention may
include a converter converting an input voltage, and an
inverter connected to the converter to perform interconver-
sion between a direct current and an alternating current. A
load may be driven by power obtained by the conversion of
the inverter. The converter may be the converter of the present
invention.

Since the converter of the present invention and the power
converter apparatus of the present invention include the reac-
tor of the present invention with which any physical quantity
can be stably measured by a sensor, control in accordance
with the measured physical quantity or the like can be per-
formed in an excellent manner.

Advantageous Effect of Invention

The reactor of the present invention can maintain a sensor
for measuring physical quantity such as temperatures at a
proper position.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic perspective view showing a reactor
according to a first embodiment.

FIG. 2 is an exploded perspective view showing an over-
view of the reactor according to the first embodiment.

FIG. 3 is an exploded perspective view showing an over-
view of a combined product made up of a coil and a magnetic
core included in the reactor according to the first embodi-
ment.

FIG. 4 shows an insulator included in the reactor according
to the first embodiment, in which (A) is a perspective view
and (B) is a cross-sectional view taken along B-B in (A).

FIG. 5 is a perspective view showing other mode of a side
wall portion included in a case, in which the area near an
opening portion where a hook portion is provided is shown.

FIG. 6 shows another mode of the side wall portion
included in the case, in which (A) is a perspective view of the
area near the opening portion where the hook portion is pro-
vided and (B) is a cross-sectional view taken along B-B in
(A), in which the area near a storage portion storing a sensor
is shown.
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FIG. 7 shows other mode of the insulator, in which (A) is a
perspective view and (B) is a cross-sectional view taken along
B-Bin (A).

FIG. 8 is a perspective view showing another mode of the
insulator.

FIG. 9 is schematic structure diagram schematically show-
ing a power supply system of a hybrid vehicle.

FIG. 10 is a schematic circuit diagram showing an exem-
plary power converter apparatus of the present invention
including a converter of the present invention.

DESCRIPTION OF EMBODIMENTS
First Embodiment

In the following, with reference to FIGS. 1 to 4, a descrip-
tion will be given of a reactor of a first embodiment. Identical
reference symbols in the drawings denote identically named
elements. Note that, the following description is given on the
premise that the side becoming the installed side when the
reactor is installed is the bottom side and the side being
opposite thereto is the top side.

<<Opverall Structure of Reactor>>

A reactor 1 includes a coil 2, a magnetic core 3 at which the
coil 2 is disposed, and a case 4 storing a combined product 10
made up of the coil 2 and the magnetic core 3. The case 4 is a
box-like element including a bottom plate portion 40 (FIG. 2)
and a side wall portion 41A standing upright from the bottom
plate portion 40, and the side opposing to the bottom plate
portion 40 is open. The reactor 1 is best characterized by the
following points: the side wall portion 41A of the case 4 is
made of resin; and a hook portion 434, on which a line 71
coupled to a sensor 7 measuring the physical quantity of the
reactor 1 is hooked, is integrally molded with the side wall
portion 41 A by the resin forming the side wall portion41A. In
the following, each of the structures will be described in more
detail.

[Sensor]

Here, the sensor 7 is a temperature sensor. As shown in
FIG. 4 (B), the sensor 7 may be a rod-like element including
a heat sensitive element 7a such as a thermistor, and a pro-
tective portion 74 that protects the heat sensitive element 7a.
The protective portion 75 may be a tube made of resin or the
like. To the sensor 7, the line 71 (FIG. 1, FIG. 4 (B)) for
transmitting sensed information to an external apparatus such
as a control apparatus is coupled.

[Coil]

A description will be given of the coil 2 with reference
chiefly to FIGS. 2 and 3. The coil 2 includes a pair of coil
elements 2a and 25 made of a single continuous wire 2w with
no joining portion being spirally wound, and a coil couple
portion 27 coupling the coil elements 2a and 2b4. The coil
elements 2a and 2b are hollow sleeve-like elements with
identical number of turns. The coil elements 2a and 25 are
juxtaposed (laterally juxtaposed) to each other such that their
respective axial directions are in parallel to each other. On the
other end side (on the right side in FIG. 3) of the coil 2, the
wire 2w is partially bent in a U-shape, to form the coil couple
portion 2r. With this structure, the winding direction of the
coil elements 2a and 25 are identical to each other’s.

Note that, the coil elements can be made of separate wires.
The one ends of the wires of the coil elements may be joined
through welding, soldering, fixation under pressure and the
like to obtain a coil.

The wire 2w is suitably a coated wire, which includes a
conductor made of an electrically conductive material such as
copper or aluminum, or alloy thereof, the conductor being
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provided with an insulating coat made of an insulating mate-
rial around its outer circumference. The thickness of the insu-
lating coat is preferably 20 um or more and 100 pum or less. As
the thickness is greater, the pinholes become fewer, whereby
the electrical insulating characteristic is enhanced. The con-
ductor is representatively a rectangular wire. Alternatively,
the conductor of various shapes can be used, such as those
having a circular, elliptical, or polygonal cross section. The
rectangular wire has the following advantages: (1) a coil
being high in space factor can be formed with ease as com-
pared to use of a round wire having a circular cross-section;
(2) the wider contact area relative to a joining layer 42
included in the case 4, whose description will be given later,
can be secured with ease; and (3) the wider contact area
relative to terminal fittings 8, whose description will be given
later, can be secured with ease. Here, a coated rectangular
wire whose conductor is a copper-made rectangular wire and
whose insulating coat is enamel (representatively, polya-
mide-imide) is used. The coil elements 2a and 25 are each an
edgewise coil made of the coated rectangular wire being
wound edgewise. Further, though the end face shape of the
coil elements 2a and 2b herein is a rectangular shape with
rounded corners, it can be circular or the like.

The opposite end portions 2e of the wire 2w forming the
coil 2 are extended as appropriate from the turn forming
portion at one end side (the left side in FIG. 3) of the coil 2,
and representatively drawn outside of the case 4 (FI1G. 1). The
opposite end portions 2e of the wire have the conductor
portions exposed by the insulating coat being peeled off. To
the exposed conductor portions, the terminal fittings 8 made
of an electrically conductive material are connected. Via the
terminal fittings 8, an external apparatus (not shown) such as
a power supply supplying power to the coil 2 is connected.

[Magnetic Core]

A description will be given of the magnetic core 3 with
reference to FIG. 3. The magnetic core 3 includes a pair of
inner core portions 31 covered by the coil elements 2a and 25,
and a pair of outer core portions 32 around which no coil 2 is
disposed and hence exposed outside the coil 2. The inner core
portions 31 are each a columnar element (here, in a rectan-
gular parallelepiped shape with rounded corners), with an
outer shape conforming to the inner circumferential shape of
corresponding one of the coil elements 2a and 25. The outer
core portions 32 are each a columnar element having a pair of
trapezoidal-shaped faces. The magnetic core 3 is structured as
follows: the outer core portions 32 are disposed to clamp the
inner core portions 31, which are disposed to be away from
each other; and the end faces 31e of the inner core portions 31
and the inner end faces 32¢ of the outer core portions 32 are
brought into contact to each other, so as to form an annular
shape. When the coil 2 is excited, the inner core portions 31
and the outer core portions 32 form a closed magnetic path.

The inner core portions 31 are each a lamination product in
which core pieces 31m made of a magnetic material and gap
members 31g representatively made of a non-magnetic mate-
rial are alternately stacked. The outer core portions 32 are
each a core piece made of a magnetic mater